SUBSTRATE TESTING DEVICE AND SUBSTRATE TESTING METHOD 



Background of the Invention 

1. Field of the Invention 

The present invention relates to a substrate alignment 
mechanism and a substrate testing device having the substrate 
alignment mechanism and a substrate testing method, which is 
applicable to testing a TFT array substrate for use in flat 
panel displays such as a liquid crystal display or an organic 
EL display, for example, 

2 . Description of the Related Art 

In the manufacturing process of flat panel displays such 
as liquid crystal display or organic EL display, a plurality 
of panels having a pattern of TFT array are usually formed on 
a glass substrate, and each panel is cut out from the glass 
substrate. In testing the flat panel displays, the glass 
substrate is tested, or the TFTs or pixels formed on the glass 
substrate are evaluated for the characteristics. 

To test the TFT array formed on the substrate, the TFT 
array substrate is usually held on the stage. 

In testing the TFT array, a repair operation is performed 
using the tested result, whereby it is required to determine 
a defect position accurately. Therefore, it is required that 
a substrate testing device locates a substrate to be tested 
at the same position every time. However, a substrate conveying 
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mechanism such as a movable stage does not have an enough 
precision to meet the requirements. Though the mechanical 
alignment may be made to adjust the alignment, there is a 
limitation on the precision in the mechanical adjustment of 
5 alignment, whereby it is difficult to meet the necessary 
precision. 

To make the alignment adjustment of the substrate, it 
is common that an alignment mark is provided on the substrate, 
and detected to determine the substrate position with respect 
10 to the substrate testing device. Since the substrate testing 
device with SEM tests the substrate employing the electron beam, 
the alignment mark may be detectedby the scanningof the electron 
beam. 

However, when the alignment mark is detected employing 
15 the electron beam, it may be difficult to detect the alignment 
mark accurately, depending on the material of the alignment 
mark. For example, when the alignment mark is made of an 
insulating material, there is a problem that the alignment mark 
is charged up due to irradiation with the electron beam, causing 
20 a failure such as discharge. Also, there is another problem 
that the alignment mark is difficult to distinguish from the 
substrate, because they are very close in the signal intensity 
and thereby the image contrast. 

25 Summary of the Invention 
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It is an object of the present invention to provide a 
substrate testing device and method which can allocate a tested 
result onto a substrate accurately. It is another object of 
the present invention to provide a substrate testing device 
5 and method which can detect a substrate position irrespective 
of a material of an alignment mark. 

In the present invention, a tested result is aligned with 
coordinates on a substrate by making the data processing to 
allocate the tested result onto the substrate, without needing 

10 a mechanical alignment adjustment that is performed by moving 
the substrate with respect to the substrate testing device, 
whereby the precision is improved. Also, the alignment mark 
is optically detected, whereby a substrate position is detected 
irrespective of the material of the alignment mark. 

15 The present invention provides a substrate testing device 

for testing a substrate by scanning of an electron beam across 
the substrate, comprising a testing unit for acquiring a tested 
result of the substrate by the scanning of the electron beam, 
an alignment mark detecting unit for optically detecting an 

20 alignment mark on the substrate, a substrate position 
calculating unit for calculating a substrate position within 
the substrate testing device from a position of the alignment 
mark, and a position aligning unit for aligning a position of 
the tested result with the calculated substrate position. 

25 The testing unit detects a detection signal and acquires 



3 



the test result by the scanning of electron beam across the 
substrate. Since the coordinate position of the test result 
is referenced to the substrate testingdevice, when the substrate 
is displaced with respect to the substrate testing device, the 
5 position of the tested result is not matched with the position 
on the substrate. 

The alignment mark detecting unit optically detects the 
alignment mark provided on the substrate, and the substrate 
position calculating unit calculates the substrate position 

10 within the substrate testing device from the position of the 
detected alignment mark. In calculating the substrate position, 
a misregistration between the detected alignment mark position 
and the reference alignment mark position is obtained, and the 
shift amounts in the x and y directions and the inclination 

15 are calculated from the misregistration. 

The position aligning unit aligns the position of tested 
result with the calculated substrate position. Since the 
calculated substrate position is converted into the coordinate 
position with reference to the substrate testing device, the 

20 position of tested result is aligned with reference to the 
substrate testingdevice . Even when the position of testedresult 
is not matched with the position on the substrate, the tested 
result is allocatedonto the substrateby the position alignment . 

The tested result for position alignment may be directly 

25 the image data acquired by the testing unit, and also mat be 
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the defect result obtained by making the defect test using the 
image data. 

The alignment mark detecting unit used for the substrate 
testing device of the present invention comprises an optical 
5 microscope or a CCD camera for picking up an image of the alignment 
mark on the substrate. The alignment mark provided on the 
substrate placed in the substrate testing device is fixed at 
a predetermined position within an image pickup range. 

Since the alignment mark detecting unit of the present 
10 invention detects the alignment mark on the substrate by an 
optical unit, it is possible to reduce the difficulties of 
distinguishing between the substrate and the alignment mark, 
which may be caused depending on the material of the alignment 
mark, including a charge-up problem due to irradiation with 
15 the electron beam, and a lower contrast caused by detecting 
the electron beam. 

Brief Description of the Drawings 

Fig . 1 is a schematic view for explaining the diagrammatic 
20 configuration of a substrate testing device according to the 
present invention; 

Figs . 2A and 2B are flowcharts for explaining an operation 
example of the substrate testing device according to the present 
invention; 

25 Figs. 3A and 3B are schematic operation views for 
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explaining a moving state of substrate and the scanning; 

Figs. 4A-4C are schematic operation views for explaining 
a moving state of substrate and the scanning; 

Figs. 5A-5D are schematic views for explaining a way of 
5 calculating the substrate position from the alignment mark 
position; and 

Figs. 6A and 6B are schematic views for explaining a way 
of allocating the tested result to the substrate position. 

10 Detailed Description of the Invention 

The preferred embodiments of the present invention will 
be described below with reference to the accompanying drawings . 

Fig. 1 is a schematic view for explaining the diagrammatic 
configuration of a substrate testing device according to the 
15 present invention. In Fig. 1, the substrate testing device 1 
comprises a testing unit 11 for testing a TFT substrate 21 by 
the scanning of an electron beam, an alignment mark detecting 
unit 12 for optically detecting an alignment mark 22 provided 
on the TFT substrate 21, and a processing unit 14 for performing 
20 the processings such as testing, substrate position calculation 
and position alignment. 

The substrate testing device 1 has a testing chamber 2, 
within which the testing unit 11, the alignment mark detecting 
unit 12 and a stage 3 are provided. The testing chamber 2 has 
25 the substrate inlet or outlet openings 4 and 5 for carrying 



the TFT substrate 21 into or out of the chamber, and a gas exhaust 
or suction mechanism 6 for exhausting or sucking the gas out 
of or into the testing chamber 2. 

The stage 3 supports the TFT substrate 21 within the testing 
5 chamber 2, and carries the TFT substrate 21 to make the scanning 
of an electron beam. The movement of the stage 3 is effected 
by stage controller 13. 

The testingunit 11 comprises a substrate testing electron 
gun 11a for applying an electron beam onto the TFT substrate 

10 21 and a detector lib for detecting a signal of electron beam 
emitted from the substrate due to irradiation with electron 
beam, and is securely attached in the testing chamber 2. In 
Fig. 1, a plurality of sets of the substrate testing electron 
gun 11a and the detector lib are arranged in the direction 

15 orthogonal to the moving direction of the stage 3. The scanning 
of electron beam is made by moving the stage 3 supporting the 
TFT substrate 21, as well as moving the electron beam emitted 
from the substrate testing electron gun 11a. 

Also, the alignment mark detecting unit 12 optically 

20 detects the alignment mark, and has a combination of an optical 
microscope and a CCD camera, for example. The alignment mark 
detecting unit 12 detects the alignment mark 22 on the TFT 
substrate 21 that is stationary at a pickup position within 
an image pickup range, when the TFT substrate 21 laid on the 

25 stage 3 is located at a predetermined position. Since a 
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locational error falls of the stage 3 within the pickup range 
of the alignment mark detecting unit 12, the alignment mark 
22 of the TFT substrate 21 is reflected on an image pickup screen 
for the alignment mark detecting unit 12, when the stage 3 is 
5 stopped at predetermined position under the control of the stage 
controller 13. 

The processing unit 14 comprises a test processing unit 
15 for making the signal processing of a substrate signal by 
inputting a detection signal detected by the testing unit 11, 

10 a substrate position calculating unit 16 for calculating the 
substrate position by inputting an image of alignment mark 
detected by the alignment mark detecting unit 12, and a position 
aligning unit 17 for aligning the substrate position with the 
position of tested result from the test processing unit 15 to 

15 allocate the tested result to the substrate position. 

The test processing unit 15 receives a detection signal 
of the detector lib in the testing unit 11 and acquires a tested 
result 15a through the image processing. The tested result 15a 
is employed to make the defect determination for the TFT 

20 substrate, and acquire the defect result 15b. The defect 
determination maybe made before or after the position alignment . 

The substrate position calculating unit 16 inputs an image 
picked up by the alignment mark detecting unit 12, calculates 
the alignment mark position 16a on the image pickup screen, 

25 and further calculates the substrate position 16b in the 



substrate testing device 1 from the alignment mark position 
16a. The calculated substrate position 16b compensates a 
predetermined position of the TFT substrate 21 laid on the stage 
3 for the x, y directions and the inclination. The position 
5 aligning unit 17 aligns the position of tested result with the 
substrate position, employing the substrate position 16b. 

The processing of the position aligning unit 17 is data 
processing for aligning data of the tested result 15a with the 
substrate position of the TFT substrate 21, and includes no 

10 mechanical movement of the TFT substrate 21. Therefore, the 
aligning precision problem caused by a mechanical movement 
mechanism is excluded, whereby the positioning precision mainly 
depends on the precision of the alignment mark detecting unit 
12 and may be high precision. 

15 An operation example of the substrate testing device 

according to the present invention will be described below. 
Figs. 2A-2B are flowcharts for explaining an operation example 
of the substrate testing device according to the present 
invention. Figs. 3A-3B and 4A-4C are schematic operation views 

20 for explaining the moving states of substrate and the scanning. 
Figs. 5A-5D are schematic views for explaining a way of 
calculating the substrate position from the alignment mark 
position. Figs. 6A-6B are schematic views for explaining a way 
of allocating the tested result to the substrate position. In 

25 the following, the (step S) corresponds to the flowchart as 



shown in Figs. 2A-2B. 

The TFT substrate 21 is carried into the testing chamber 
2 (Fig. 3A) , and laid on the stage 3 (Fig. 3B) (step SI) . The 
stage controller 13 controls a drive mechanism, not shown, to 
5 move the stage 3, and stop and locate the TFT substrate 21 at 
a predetermined position in the testing chamber 2 (Fig. 4A) . 
A stop position of the TFT substrate 21 is within a range in 
which the alignment mark detecting unit 12 can detect the 
alignment mark 22 provided on the TFT substrate 21. 

10 Accordingly, the TFT substrate 21 is located at the stop 

position, so that the alignment mark detecting unit 12 detects 
the alignment mark 22 within the image pickup range. Fig. 4A 
shows one example of the TFT substrate 21 located at the stop 
position. Herein, it is supposed that the TFT substrate 21 

15 located at the stop position is shifted by dx in the x direction 
andby dy in the y direction with respect to the reference position 
(x, y normal coordinates in the figure), and inclined by 8. 

The alignment mark detecting unit 12 detects the alignment 
marks 22A and 22B provided on the TFT substrate 21 . The circles 

20 denoted by A and B as shown in Figs. 5A, 5B and 5C typically 
represent the image pickup ranges where the alignment mark 
detecting unit 12 detects the alignment mark. Due to 
misregistration of the TFT substrate 21 located at the stop 
position, the picked up alignment mark 22A, 22B is detected 

25 off the substrate position (circular mark in Fig. 5B) as shown 



10 



in Figs. 5B and 5C. 

For example, the alignment mark 22A as shown in Fig. 5B 
is detected at a position (dxa, dya) of f the substrate position, 
and the alignment mark 22B as shown in Fig. 5C is detected at 
5 a position (dxb, dyb) off the substrate position. Each of the 
alignment mark positions (dxa, dya) and (dxb, dyb) is associated 

with a shift amount (dx, dy) and an inclination 0 of the TFT 
substrate 21 with respect to the reference position (x, y normal 
coordinates in the figure ) for testing and scanning the substrate 
10 (step S3) . 

The substrate position calculating unit 16 calculates 
the alignment mark position 16a by making the signal processing 
for a detection signal from the alignment mark detecting unit 
12, and further calculates the position (dx, dy) and inclination 

15 9 of the TFT substrate 21 with respect to the reference position 
(x, y normal coordinates in the figure) for testing and scanning 
the substrate from the alignment mark positions 16a (dxa, dya) 
and (dxb, dyb) . Fig. 5D shows a correspondence relation between 
the alignment mark position 16a (dxa, dya) , (dxb, dyb) and the 

20 position (dx, dy) with inclination 0 of the TFT substrate 21 
(step S4) . 

Then, the stage controller 13 drives the stage 3 to move 
the TFT substrate 21 with respect to the testing unit 11 to 
make the scanning. The detector lib detects the alignment mark 
25 along with the scanning (Fig. 4B) . The test processing unit 
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15 acquires the tested result 15a from a detection signal of 
the detector lib (step S5) . 

The position aligning unit 17 aligns the position of the 
tested result 15a with the substrate position 16b. The position 
5 aligning process involves converting the position of the tested 
result 15a into the substrate position, based on the position 
(dx, dy) with inclination 0 of the TFT substrate 21 calculated 
at step S4 for testing and scanning the substrate. 

The tested result 15a is allocated to the pixels on the 

10 substrate by the position alignment. Figs. 6A and 6B simply 
shows a state where the tested result (as shown in Fig. 6A) 
is allocated to the pixels on the substrate (as shown in Fig. 
6B) . For example, a lattice in Fig. 6A indicates a pixel 
represented in the coordinate system on the substrate testing 

15 device, and a rectangle C displayed over the lattices indicates 
the substrate laid on the stage. The substrate represented by 
the rectangle C is specified by the position (dx, dy) with 
inclination 0 in the coordinate system on the substrate testing 
device . 

20 Accordingly, the pixel represented by D(X,Y) in the 

coordinate system of the substrate testing device is allocated 
to the pixel represented by P(x,y) on the substrate (Fig. 6B) . 
The test processing unit 15 makes the detect test, based on 
the tested result 15a and acquires the defect result 15b (step 

25 S6) . After the end of test, the TFT substrate 21 is carried 
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out of the testing chamber 2 through the substrate inlet or 
outlet opening 4 or 5. 

Also, in allocating the tested result onto the substrate, 
the defect result 15b may be acquired through the defect test 
5 from the tested result 15a at step S16 in the flowchart of Fig. 
2B, and the defect result 15b allocated onto the substrate at 
step S17. The steps Sll to S15 of the flowchart in Fig. 2B may 
be identical to the steps SI to S5 of the flowchart in Fig. 
2A. 

10 As described above, with the present invention, the tested 

result is correctly allocated onto the substrate. Also, the 
position of the substrate is detected, irrespective of the 
material of the alignment mark. 
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